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al Observatory, via S. So�a 78, Catania, ItalySummary. Observing obje
ts in transition from pre- to young Planetary Nebula(PN), when the 
entral star radiation starts to ex
ite the envelope, 
an help us tounderstand the evolution of the 
ir
umstellar eje
ta and their shaping me
hanism/s.In our proje
t we have sele
ted a sample of hot post-AGB stars as Transition Phase
andidates. Radio observations have led to dete
t free-free radiation from an ionizedshell in about half of our targets, providing us with two sub-samples of ionized andnon ionized Transition Obje
ts. We are now using IRAC and IRS on the SpitzerSpa
e Teles
ope to determine if extended emission is present (IRAC) and to studyour targets' 
hemistry (IRS). In parti
ular, by 
omparing spe
tra from the twosub-samples, the IRS observations will enable us to 
he
k how the presen
e of anionization front a�e
ts the 
ir
umstellar envelope. The IRAC measurements, 
om-bined with previous ones in the literature, will give us information on the extentand physi
al 
onditions of the dust 
omponents.Key words: Radio: 
ontinuum, Infrared: general, Planetary Nebulae: general, evo-lution1 Introdu
tionPlanetary Nebulae (PN) evolve from intermediate mass stars. During their evolutionthey go through the Asymptoti
 Giant Bran
h (AGB) and then into the PN phase,ending their days as white dwarfs. The formation and early evolution of PN are apoorly understood phase of stellar evolution. In parti
ular, it is not 
lear yet how thespheri
ally symmetri
 AGB 
ir
umstellar shells transform themselves into the nonspheri
al symmetries observed in the envelopes of evolved PN. Many observationalprograms have been devoted to re
ognize new planetary and proto-planetary nebulaeamong unidenti�ed IRAS sour
es with far infrared 
olors similar to those of knownPN [11, 9℄ with the �nal aim of understanding PN formation through the dis
overyand analysis of new Transition Obje
ts (TO). In these sour
es the physi
al pro
essesasso
iated with PN formation, su
h as dynami
al shaping, are still o

urring and,as the number of known transition obje
ts is extremely small, the identi�
ation and
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urrent models ofstellar evolution.To dete
t new TO we have sele
ted a sample of stars 
lassi�ed as post-AGB onthe basis of their IRAS 
olors and opti
al spe
tra. We have sele
ted our stars fromlists of post-AGB 
andidates available in the literature [10, 14℄. The main sele
tion
riteria were IRAS 
olors typi
al of PN and spe
tral 
lassi�
ation as B stars. TheB spe
tral type implies the 
entral star 
an be hot enough to have started to ionizethe 
ir
umstellar envelope. This maximizes the 
han
e that the obje
ts are in thetransition from post-AGB to PN. These 
riteria led to the sele
tion of 36 targets.2 ObservationsRadio dete
tionsTo de�ne the evolutionary status of the sele
ted sour
es 
he
king for the presen
e ofionized gas in their envelopes, we have observed all of the sele
ted targets with theVery Large Array (VLA). Observations were performed in two runs, one in 2001 andanother one in 2005 [15, ℄. The observations in 2005 were performed in dynami
almode in June and July. The array was in CnB 
on�guration in 2001 and in C andCnB in 2005. All the observations were performed at 8.4 GHz, as the VLA re
eiversin this band are more sensitive than the others and the 
ompa
t 
on�gurations werene
essary to dete
t possibly low surfa
e brightness obje
ts. This setup enabled usto dete
t radio emission in 16 targets out of the 36 sele
ted, for a 44% dete
tionrate. The dete
tion of radio emission is proof of the ionization of the envelope andtherefore 
on�rms the evolutionary status as TO/very young PN.Infrared ObservationsAs a follow-up to our radio dete
tions we have observed our sample with IRAC andIRS onboard the Spitzer Spa
e Teles
ope. In general, 
omparisons of IR images ofPN, whi
h tra
e the mole
ular and warm dust emission, to opti
al line images, whi
htra
e the ionized gas, have shown the presen
e of similar stru
tures [7℄. This leadsto the 
on
lusion that mole
ular and ionized gas spatially 
oexist in these sour
es,as well as dust grains, despite the di�erent physi
al 
onditions these 
omponentsare presumed to survive in. Our IRAC observations have two goals: dete
ting thepresen
e of extended emission from the remnant AGB envelope and determining theSpe
tral Energy Distribution to 
he
k for the presen
e of di�erent dust 
omponents.The IRS observations aim at revealing the 
hemistry of the envelopes. Observationsare planned for 29 of our obje
ts. All IRAC observations have been performed, whileall but three targets have been observed with IRS.3 Results and Dis
ussionIRAC and IRS observationsIRAC has proved to be a very sensitive instrument, revealing previously unseenstru
tures in the outer shells of expanded PN [4℄. Sin
e the nebulae in our sampleare typi
ally very 
ompa
t and IR-bright, whi
h is normal for their evolutionarystatus, their 
ore emission dominates the inner few ar
se
 near the 
entral sour
e.
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ting any weak extended emissionnear the 
ore, but, by PSF subtra
tion, does not prevent us from measuring ourtargets' �uxes. Given the size of the PSF, an upper limit of ∼ 5′′ to the sizes of thenebulae 
an be estimated.In two targets we have 
learly dete
ted extended emission: IRAS 18070-2346and IRAS 19590-1249 (Figure 1). In I19590 the ring surrounding the 
entral star is

Fig. 1. Left: IRAC PSF subtra
ted image of IRAS 19590-1249 at 3.6 µm, where aring with ∼ 20′′ diameter surrounding the 
entral star. Right: PSF subtra
ted imageat 8.0 µm of IRAS 18070-2346 with an asymmetri
al distribution of material aroundthe 
entral obje
t.seen in 
hannel 1 and only very weakly in 
hannel 2. This is probably explainablein terms of dust re�e
ting radiation 
oming from the 
entral star. Sin
e no emissionfrom this ring is seen in 
hannel 3 or 4, it is likely made up of 
old dust, whoseemission peaks beyond the mid-IR.As previously mentioned we have also planned a spe
tral follow up with IRS,that has been performed at low resolution (R∼90), 
overing the 5�38 µm range, withS/N∼50. Figure 2 shows our spe
trum for IRAS 22495+5134. The 
rystalline sili
atefeatures around 23.7, 27.6 and 33.6 µm and a blending of several features around 10
µm are 
learly visible and 
an be attributed to forsterite [8℄. At short wavelengthswe 
an also identify some features due to Poly
y
li
 Aromati
 Hydro
arbons (PAH)at 6.2 and 7.7 µm and two features from ionized gas: [Ar II℄ at 6.98 µm and [NeII℄ at 12.8 µm. Figure 3 shows the spe
trum of another target in our sample, IRAS20462+3416. Like in the previous one, both sili
ate and PAH features are dete
ted.In this star we also identify the 11.3 µm PAH feature, while no [Ar II℄ is dete
tedand [Ne II℄ is weaker than in the previous obje
t. The ionized gas features dete
tedin these obje
ts are indi
ators of a higher ex
itation level in I22495 than in I20462.Both targets have been dete
ted in our radio observations.PN are usually 
lassi�ed as C-ri
h or O-ri
h. This 
lassi�
ation is linked to theevolution of the 
entral star, be
ause it depends on the possibility that the stargoes through a third dredge-up. It is this event that alters the 
hemistry in theenvelope turning it from O-ri
h into C-ri
h during the AGB phase [12℄. Be
ause ofthe stability of the CO mole
ule, if C is less abundant than O, all C is trapped inCO and then the envelope shows features of mole
ules 
ontaining oxygen (besidesCO) and vi
eversa if O is less abundant than C.
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Fig. 2. IRS spe
trum of IRAS 22495+5134, showing the presen
e of 
rystallinesili
ate features beyond 20 µm (bottom) and both PAH and sili
ate features at shortwavelengths (top).It is known however that a minority of stars shows mixed 
hemistry, withmole
ules 
ontaining 
arbon and mole
ules 
ontaining oxygen. The origin of thismixed 
hemistry is not yet well understood. A noteworthy result from our TO studyis that about 50% of the stars in our sample show both PAH and sili
ate features.Among these mixed 
hemistry obje
ts about 50% are radio dete
ted nebulae and50% are not. One question is whether the presen
e of PAH features is indi
ativeof a mixed 
hemistry or these mole
ules 
an be somehow produ
ed also in O-ri
henvironments [16℄. An explanation for the mixed 
hemistry involves the presen
eof disks, where an O-ri
h 
hemistry would be preserved from the third dredge up,while elsewhere in the envelope features from C-ri
h mole
ules would arise.



Radio and Infrared observations of Transition Obje
ts 337

Fig. 3. Like in Figure 2 but for IRAS 20462+3416.Spe
tral Energy DistributionWe have sear
hed the IRAS and 2MASS ar
hives and retrieved data for our targets.2MASS data were dereddened [13℄ and were 
ombined with our IRAC observationsto build up the Spe
tral Energy Distribution (SED) of the sample stars. We thentried to reprodu
e the SED by modelling the sour
es with the DUSTY 
ode [6℄,whi
h solves the radiation transfer equation in dust ri
h environments. It 
an use ei-ther spheri
al or slab geometry, and several O-ri
h and C-ri
h 
hemi
al 
omponents
an be introdu
ed. The 
ode needs as an input the properties of the 
entral sour
eof radiation, the envelope density, grain size distribution, temperature of the innerdust layer, shell thi
kness relative to the inner radius and the opti
al depth at anarbitrary wavelength.In our attempts to reprodu
e the observed data points, the following inputs wereused: a bla
kbody 
entral sour
e, density varying as r−2, grain size distribution
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al depth at 60 µm
al
ulated from the IRAS data [2℄.The DUSTY modelling allows us to identify the dust 
omponents in the en-velopes and estimate their temperatures. Figure 4 shows the results of this pro
edurein two examples: IRAS 17423-1755 and IRAS 19590-1249. For IRAS 17423-1755 we

Fig. 4. DUSTY modelling of the SED for two of our targets: IRAS 17423-1755(top) and IRAS 19590-1249 (bottom). For I17423 we have overplotted the single
omponent at 1150 K (dot-dashed 
urve). For I19590 we have overplotted the IRSspe
trum.are not able to reprodu
e the data with only one 
omponent. It is ne
essary to havedust at 1150 K and at 110 K, with the hot 
omponent having grain sizes from 0.005to 4.7 µm and the 
old one from 0.04 to 100 µm. Large grains are ne
essary to a
-
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ount for the mm emission [5℄. We have s
aled our model and 
al
ulated the opti
aldepth assuming a size of 1.8′′ × 1.1′′ (whi
h is the size of the CO shell), distan
e5.8 kp
, and luminosity 12600 L⊙ [5℄. We have used a 
hemistry with amorphous
arbon only, sin
e the ISO spe
trum is almost featureless with the ex
eption of abroad absorption feature at 3.1 µm, due to C2H2 and/or HCN [3℄.For IRAS 19590-1249 one 
omponent only, at 130 K, is su�
ient to reprodu
ethe observations with sili
ate dust properties. If we assume the distan
e of 4 kp
and luminosity 6300 L⊙, we basi
ally 
on�rm the previous modelling performed[1℄. We have assumed a maximum size for the dust shell of 5′′, be
ause a largerstru
ture would have been observed in our IRAC images. Our model does not takeinto a

ount the outer (∼ 10′′ radius) ring, whose e�e
ts seem negligible. This is inagreement with the assumption that it is made up of 
old dust, then its 
ontributionto the observed �ux, probably larger in the sub-mm or mm range, is negligible in theobservations performed so far. Table 1 summarizes the input used for both targets.IRAS 17423 IRAS 19590T⋆ (K) 20000 23750Chemistry amorphous C Sili
atesDensity r−2 r−2Td (K) 1150 110 124
amin (µm) 0.005 0.04 0.005
amax (µm) 4.7 100 0.26
τ60 0.002 0.03 2.63 × 10−4Y 723 4.55 4.1Distan
e (kp
) 5.8 4Luminosity (L⊙) 12600 6300Table 1. Parameters used in modelling two of the targets.

4 Con
lusionsWe are in the pro
ess of 
hara
terizing a sample of post-AGB obje
ts, whose in-frared 
olors and opti
al spe
tra are typi
al of Transition Obje
ts. The dete
tionof radio 
ontinuum emission in almost half of our sample is a 
on�rmation of su
han evolutionary status. IRS observations have so far indi
ated that a mixed 
hem-istry is more 
ommon than in other PN samples and subsequent observations arene
essary to investigate the nature of this emission. IRAC observations, along with2MASS and IRAS ar
hive data, allow us to sear
h for the presen
e of more than oneemitting 
omponent in the dust envelope of the sele
ted sour
es and model them toestimate su
h parameters as temperature and grain sizes.A
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